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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide the semiconductor photocathode device which 
improves a quantum efficiency, concurrently increases its numerical aperture up 
to 100%, thereby structurally requires no need for separating picture elements, 
and also modulates signals. 

SOLUTION: A first semiconductor layer 20 (light absorbing layer) which 
generates electrons in response to an optical incidence, and has a p-type first 
impurity condensation, is formed over a semiconductor substrate 10. A p-type 
second semiconductor layer 30 (electron transferring layer) of a second 
impurity concentration lower in impurity concentration than the first impurity 
concentration, is formed over the first semiconductor layer 20. A contact 
layer 50 is formed into a pn junction together with the p-type second 
semiconductor layer 30, and a surface electrode 80 which is in contact with the 
contact layer in a form of a ohmic contact, is formed over the contact layer 
50. In addition, a third semiconductor layer 40 (active layer) is formed in 
the inside of the opening of the contact layer 50 over the surface of the 
p-type second semiconductor layer 30. The semiconductor part 60 (channel 
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lattice) of a third impurity concentration, is buried in the inside of the 
p-type second semiconductor layer 30. 
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TjkUz^mmxhi . tn. R0 (b) &xv{c) 

{4. ttlftl, mm ( a) «DH#A-ABrffifcil>'H# 
B - BBTMlCfc(tl)^#:3t€^fiiCT«x^=3f-/N* 

MzftfrV^<mwt2>t:tbe>W=Flzm- 
y^-wP0T'&£. 

[0048] 04 (c) ^BHfe^i'ifc:, a'-(7^ 
£MnL£l§£KfcV>Tk^#gP6 0(4. ft2*»«c 
A3 Oi ►) i^VX*;Mr-AVb*** y:r**i/cn 
ftWC.. tije^ix^m^E 1 tfx y? ? hJI 5 OUftlz 

wnuz<\^y^)\MmtLxmtr^>, cwi. 
oZXTy^immzk*) , %2¥mftm3o#z%. 

6 0£j8ttTft3¥g#:Jl4 0#|*jfc»frf S. 

[0049] $mnM8 o to»<-f rxsWMnSfi* 1 N 

m?E 1 14 , ^^Ojlfl ^ Wft 2 ^ftii 3 0iOTy 

99 h%5 o<DB&ztix\.^mmzmtftztit:m3 
*mm4oumzMft>ti&. m^Em 
eotz cvtmm e o iz®& itz*mm e 
otnmnfmRzm&tzcox'. mA-Awm±z 

m) . c\co¥-mikm6 oiz£-oxmtitcmi&Rzm& 

t&mztt, 04 (b) oietc, taWffEc^yv 
ftB3 O^Srafft^S^E 1 l4ft2*^#:B3 0|*)tc 

«4S*i9*u:*IM:J: 0iraa$^-Cx^^-^#5 
£Dt\ <Itf>x*/H f -i£fiiJ: 0 1 § ^fci^ux^/u^- 

■C«4WtflWR*JBMI. ft3¥lgftJl4 OtCjtAt 

vffinmmmui 0 . 5-2. o^mtL, 4^, ^ 

^E*J!6 0i:ay^^h®5 0^lBSr, ^ftiI6 0iO 
fssny^^biisocoiit^^i^^iS^-nuf, $ 

1 0 % ft 1 ±m&m 2 on urn 2 * 

^aSOCfc^-CH^L^m^E 3 

h@5 0fc«>RS*i.*i k*<*3*»*WI4 0 
IzMWl . ft3^*«4 OcOft*59IS{4ft2^* 
JI3 0J:Ot>/hS<. 04 (b) iiJ:l/05^-ri^ 
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1 3 

izm? e mm x < s&wzfoixztiz . 

[ o o 5 o ] a6 (±, @i iztjk Lti*m&msm c T 

&ff4D*>{K^ff* (10-5torrlUTT'J>oTSt 
L<lilO-»« torrWT<Offi*)<oaW*rt»fc8i 

mtx^z. *mfo%M.mfecT^ zuizmmiz 

Tfc 0 , H&9 0 tt£#Uc*««te««S*lfc*3«tt 

y2J3il«|l3«Rty9 0a»±fl5HI»»l OOSJd 
tTV>S. =5rfc. ¥»*3e«ISfiCT<OBa9 0ffl|fc{i 

jiwiBaab^AStsiiiAWJSi 1 o#@EB$ftT^ 

l. Ali*l 1014. «8l 0 0tef8*-*-*£kkLT 
t>4i\ 

[0051] z(o±o%¥m#]t'mmcTb®m9o 
t mmm i o o rtfcSK umu^mii 

&&SJ4. »l««tr^ 1 t»2«»ty2i:«Blt» 
lftKey io«fl[*«2ftaty2<o«iiJ: OfcB< 

^3g^ey 9 0 a fc^fflfcfliaifiRfcy 9 0 a<0«ffl 
jWS 1 *ttK V 1 <0tii4 9 «>*< fc* J: 3 fc«E* 5 
M,xm+l. Hlfc«Ufe*»**«IIWC 
T^#tWLtf, S8fflHE8 0tiJ:tf:t-5v?«ffi7 
014, *ft-t^&4r»&B5 0a*Jj:tf&R7 0a£ 

ftLxmiti&vyi&£v&2imv>2izmmix 

"OS*). HS9 014. £ftfcjJ«3ixfc*3Sttey9 
[0052] «fc. Hit* Ufc*W*3tWttSC TO 
I 0 0 5 3 ] H7 14. 0 1 £*Lfc¥#{fc*8B6«C T 

[00 54] £i\ **t»«l 0£fflStl>. *L 

i<O^NWMHK10±fc. »1*»(MI2 0, 852 
^*3 0a, ^*®6 0afc4tfW^hl2 0 0 

a*«<jswLfc (H7 (a) ) . &tmm<onm 

MBE (»fl|xe^5/-Y>Ajj«) &. MOCVD 

[00 55] l^** h@2 0 0 afc^ffi*^ 

WMi 6 0a Cf fit*" 5 * T'X -y f-y -y 7\JX*i s sa. 
«OU^Xh2 0 0*»JKtfc (07 (b) ) . <*fc, 
.royy'Xh 2 0 0 k LT¥^ftJl6 0 a£x 

7(c)). W>*1*» »2¥**3 0a*$J:tf¥*Hs 
&6 0 O^ffl^S a 4 d (CJR 2¥#ft 3 0 a £fitfi£t l> 
^Srin^«»2iW*3 0a*jJ:Vi|HW(ca56 0± 
fc*«LT*2*NWOT3 0«:#j£U: (07 



(8) 19BPF9-320457 

1 4 

(d) ) . ££>l^ S2#»fWB3 0Jh£Bl<0J:'3* 
EKfcSriJ^fcay^MHSOa, Hfflmffi80a 
8J:tfW>Xr-30 0afc#jftl,fc (07 (e) ) . V 
5** I- M 3 0 0 a £«9ft>& Jtfflttfi8 0 a ICjttl) t 

UvXhSrJBffcLT, icOXyf-yT'LfcVxXhSrV 
£LT $ £>l;:giffl€ffi8 o a &4tf 3 ? h/1 5 

Oa^Xyf-y^LT. ^7yiffiOT^?M5 0 

8J:tf*il!**8 0*jftSLfc (07 (f ) ) . 

30iJtaKkLfc». ^^3y^^h®5o. asm 

«8 0*JJ:l«l52¥SMMi3 0*S-5J:5fc:»3iNS«c 
J§ 4 0 *Wffi LT0 1 Ufc^3f#3C«B«i* ftfc 
(07 (g) ) . 

[0056] ftfc. *Htt«HKB"et4v ¥#ttS«E 1 
0, *12HWM2 0a±lfl&2¥»*M3 0fcLT* 
n«lInP. I nGaAsiiilM nPJfflU, 
2 0 0 nmcOky'X hJKfcfflVvfc. 
[0057] m^fM^OaTOfiftiWK (^'J7 

20 ift£)(4p* (lxlO' 8 -lX10 15 /cm3 )tJ> 
2>. £0)*l¥3MWB2O0)*3(il. 5~2. 5jum 
#if ST'£> * . » 2 3 0 (O^lieWgE 
T : m.) i4p" (lxi0"/cm« BTF) i 
O*2¥*fW3 0tf)W$ttl. 0~1 O/zmtflnrC 
*S. ^tt»6O0)**fi!|«ft* (^Ur«g) (4p 
" ( 1 XI 0^-1 x 1 O'Vcm' ) t*J>S. Z\<F>* 
##a6 0coW$l40. 5-2. OjumtfX£'C%&. 
ny^h/f 5014, n 4 ( 1X10 18 -1X10 15 / 
cm 3 )tJ)S. Z.<T>1V97 hJf<DJ?${4. l/xm~ 

30 fttfin8**«jffSU>. 4fc. 4tiB*&8 0(2« A 1 tc 
£nM*m\>vM&EMmzX*)zi>f9 bMS 0± 
4^, *8SjS^T'(4. IPS 3 
¥3*flsJB4 03:Cs2 OkU Cs 2 0{4C s (*y-) 
A) kO (WK) wSS(g|f4tettwfi6^>tm**0 

[0058] 0 1 t^t^^fr^^CTCO 

pfflW»l*»*Ml2 0J4. 08^-T4 3H. 
S3? 1 2 0k 1 0 fc ^SBtcWC. 

pfflSI 1 iNSfWi 2 0 rtfOpffiH 2¥»fWH 3 0®lom 
40 1 ®«< 2 0 a OX *n^^-y N*y H •■/ 7b ¥mW&M 
l oot*/^-a> K^f-v v7tco<¥$<nJu%<r>x.%- 
;l/df-y\-y <y7*?:^r-rS®2/L— r-y KJf 2 0 
b^W1-*-kt LTtfiV\ ^m-4 0. *^f*7fe 
SBffiCTlfcfclvC, ^ffcSfii OkpSail^ 

fM 2 o t <n%m<7y&iy&zfm izm tx u 

[005 9] 4?t. pSm2^*J13 0(4, ^cOpS 
50 »2¥»*«3 0kpS»l#»fWi2 0kWffiBjff» 
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(9) 

1 5 

2fR8 3 0 aOi*K-A'y -y TfcH 1 
12 0 K^-v -y r t <r>*fflcr>fcZ <nx 

*A*¥-Ay K^t-y vTttt&% 1 *V-r -y HI 3 
0b^^rtl»^i:t l/Ci, pi$2^M30tp 
1 ¥SffcH 2 0 1 Off ffiOiS flttfc SJflCftf* LT 

=5r;b*>. i<0»2^U-TyH«2 0b(i. »1««2 
0 aWtS^tt^M 1 0<0*&75g&i <a*|g|*) 
*&^£$£3rU fl^-f7 FJf30bfi, ®2*H 10 
$3 0 a«Ofc?5aKi:3&l««2 0 a^fi&^JgRi:*)* 

[0060]*fc,Hlfc* Lfc^NW^fiTOttiC TT 
tt, *- 5 -y ?mM7 0 1 ¥gf*Jf ttfSlt*:*^ £ 

turn 9 iZTprti. o tz*m#mi 1 owsiscisa?^ 
¥m#mwt. i o fcuaistL* i 1 1 -ttu/. 0 i (cjs l 

fc^ft*£«IWCTfcifc|Rl,T*-$ y*«ffi7 0* 
^(c^tfo^m^ 1 0 - #*T-£ l> . * 

tj , #¥#fofemifcBiC T 2 t El 8 Lfc*»*3ttt 20 

mtc Tit mmizm 2 7v-t >y hb 2 0 b 

liTV-r-y KJ|3 0b*SJt4i4:k LTt 
[00 6 1] frfc, JjLLOHl, 08fcJ:tf09 Srffl^ 
TWJJ$ftfc^tt3l£WW (CT, CTlfcitfCT 
2) IS, 0 6 fcjj* UiMm^b 1 0 0 rtfcR!W4 £ t 

[0062] (» 2 OgfcWJB® ) <w= , 
««0»2^S!toOJfflBteoivcBll O~01 1 fcfflwt 

tttiftftti* Hl*ffluTSl^Lfc#**j|eSfiMSCTi: 30 

Bare**. 

[0 0 6 3] 111 0t^#MmiCT3tl 0 

3 tc* Lfc¥#*#*Rttc Tbw>2 *mwm 3 or*j^ 

#tt*SP£fi&CT3Ji. 1 0_tfc P a*l¥ 

^*®2o. pMt$2?mw.m3o&z.ifm*mwm 

f LT. ^S^&2to:¥$#$6 0±<03g3¥gtt 
Jl4 0^j£$;h.TV^ffi£te, 3y^^M5 0A>' 40 

-$>y^iettu^aHiWE8 0!W«Et*. tti. mi 

¥*fWl2 0fc»i\ ?«ffi7 0jWBKt«lT^ 

^^^«0Hffi5 0fcJ:tA'«ffi7 0(i, -eix«r*x£& 
0 afcil>'^JS7 0 a£tf-LT0^L3:V^g 
ttey(c«^ES*i-CU*. HMB9 0tt. m3^m»McJR4 

«$*l"CH*. i«*m»*J6«H«5CT3*Jj:Ifl»fi9 

o m i fc* t fciHWfcjtwwc t i: Rtt^ea 6 1 
* <t %®m®& i o o a crss fis . 50 



#H¥9-3204 57 

1 6 

[ 0 0 6 4 ] 0 1 1 !A. 0 1 0 (C^Lfc¥Stt3dB&tt 
CT3<0WKrJ6tBfiB*ffli^TRW6fc«)OIg|lf 

Tv i«¥*«t«Jbfc, si^*S2 0, m2*m 

*30a, 60ai)J:VUyXM200aJ 

jtnxswu: (Ei i (a) ) . &tmmmmm 

BE (4H t »xt**>'-wl4&5) SfefcffllVfc. *<7) 
ll,^M200a £«lffi*> <s¥3SftJf 6 0a (C?J 
ltl>4TX-yf-y>y ^LT^ >y yjL^COl^^X h 2 0 

oifMLii (01 l (b) ) . mz, icoi/vxh2 
OOSr^x^t LT#^#:J160 aSrX yf-y^LT^ 
•y^a«tfDiH»«c»6 0 6»jRLfc (01 1 (c) ) . 

*24M»*3 0aiJj:rfi|iWf(c»6 0O«lif 
*«aj:dtC»2im»*30ai:R|tttS*. itl^co 
m 2 3 0 afci lA'^SfrgP 6 0 ±fc«flt LTSS 2 
^(Wi3 0«Lft (01 1(d)). ^2 
¥SWMI3 0 *-e<^SlS*»A,im»f«B6 OjMMW** 
■CBWtfc (01 1 (e) ) . Sfet, ^2*^*13 
0*J:lXiNlfWI6 0±fc3>^^Hi5 0a. «fflg 
H80a«J:^yXh300a JPH^WJS LTffM 
t?t (0 1 1 ( f ) ) . mz* l/»h300a Sr^ffl 
^^WESJ|8 0 aCatf 44-CX.yf-y^LT*m* 

U y'X h i -7X ^ LX^mnmrn 8 0 a t a v 9 9 Y 
S5 0a?rli^X>yf->'^LT. ^^i««3y^ 
M5 0t>J:^HmiE8 0$:^t^ (01 1 

(g) ) . ±%&^<&&<mmx^mm>^x% 
2^mm 3 o zm-mtLtcmz, zti^vtrym 

5 0. *IB«88 0*Jj:rm2*SWMI3 0*«-5J:a 
tcm3^#*Ji4 0^it«L'C, 01 OtiSLfc^NWc 
WCT3«|fc (011 (h) ) . . 

[0065] {mnmrnm > *#*3et8» 

ffi^3<?)IUlOJg?SlC-o^T01 2tffl^TRWt 
(4. HlSrfflV^K«Lfc^N!l»*tti«CTkra«T' 

[ o o 6 6 ] 0 1 2tL *2mmm<n^wtwim. 

WmcT4\±. H3(C7SLfc^i»»«mfiCTfc:fc 
WCIIS2iNWtcl3 OrttBHiSii-CV^SWMBe 0 
*\ SS2^N»fM 3 0 t-fflO»t«)tt$n«.i 1 1 1 

m&zmx^z. -r%b*>. **mm.wmcr 

4(4. 0±^ P aomi i l i ^*ii2 0, P 

a<0*2**«5l3 0. 113^^)14 0, 
^!#:^6 0, M5 0fcJ:lXRffli;ffi8 0^'JiI 

JWWtTJBjftSitrv^. *LT, *2**<MI3 0 
W^B. ^*a56 0. ay^^H«5 0*iJ:^H€ 
S8 0 SrS -5 J: o tcS 3 ^#ftl 4 0 v ^ 

mi i l i ##«2 0fc{i. ^-$7^117 0 
A*RJtfe*iTV>*. ^tlA> 0^8 0*5^1X^*17 0 
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17 18 

14, Ztl?tl&%t'(r&m5 0 afc4tf&JS7 0a^ [007 1] *%M<DBm<V¥mik&3 6 0(4, X h y 

14. *3*»tMi4 0fc#rtL-CEM8iiTJ3 9. 12* Altt&ifcKJ-oT. Wfc**BH5rtfc*iVvC«4 

CT3fc4t/Ti&9 0t2. Hlfc*Lfc¥*fr3t«H« J13 2 0*»4>jatJi3 4 0*rtUC36lfr*. *2*»«c 

mZtll. JOT, £a«fl±¥8K»36 0<cJ:-3T3&SsJ:<* 

[0067] *^JI^SIC0^ft^SPiS{4 . <7)fi§ h 5 4 7° 3 5 0 ^MBMr A^A»f ^-S.Xh7-f7*35 

3tt, »24m»W3oi&xvf-^u*v^-et>*»«c o^r H itc{4«siii3 4o^*ieg§^-cv^w, i« 

6 0 £ »jft-C* l> OT, SI 1 ~0 1 1 fcS Lfc¥Wfr 10 VftW 3 ^NVfMI 3 4 0 0>*iBa»&*V tf&-tt?*tfi 

v*yr££&m2*mm3 om&fit&>&tt.t:m± m 1 oizaw 7*&iwiirt-sfcft<z>*--$ ? ?««3 

[0068] m4Mm0!m) ^NW^m* [0072] (85<0^O^)fcfc, *#3J*>»5 
*^4«>ISIIW>^t^^vCtWW'4. 013(a) «H»<0»»te-5V^K«'t4. 01 4(4. *&fKO& 
(4, *«SO^::^WfcftmK®O¥ffl0?-& Bfc«6iNWt3^**H»KfBrtT*^«S5H-rft 
0,013 (b)(4, 013 (a) OA- A 6. =3r*3, 0 1 4(4, Z<#mto%!S®t&>fflkZfrti>' 

nxty^tz^wftwmnmffimTh*). 01 3 9^<-r?.^. ^y^^nso^itisow 

( c ) (4, 0 1 3 ( b ) OB - B ■ HtfHciiH T<2H£ flfltit* £«¥#f*ft€l£©oBM«*K»^T^ 
*^ft^m^O|fiM0T'$>l>. 20 i<0**(**«»»4, Hlt^Ufca^^M 

[0 0 6 9] ;o^*3fc«8Wtt, ¥»«saHR3 1 50^3y?^M50a, 5 0 b-fc4HHU 

0, ¥#ftffl£3 10 ±£JBjS5*lfc» l¥3Sf«I32 01tC*L^ffi^ffi8OSr^fflm®8Oa, 80b- 

0. mWOT3 2 0±fcm$*Ufc82¥»flsfl3 fc^MWLJtfcWCftS. ny*? Hi5 Oa*j<fctf3iiS 

30, St2^NI«tJi3 3 0±HJgjftS*lfc»3*llfMi ®GS8 0 a i: ny?? HI5 0 b &XWMW*S 0 b 

<8§ttJi) 340. »24 £ »iWI3 3 0rtfc«KS*lfe fctt*$R«(Cf^3;h. > O>*0>T\ ^ffimii80a(C(i 

¥*SttSl53 6 0, SS2¥&ttl3 3 0±fc#J&&;h.fc3 ^®S^8 0 b b^LiiWtefmtlZbtf?* 

y^?M350, ^O3y^^hig3 5 0±(^-$ &. fl&Og^ (10, 20, 30, 40, 60, 

v^»«W-i*lB1W3 80*ffliTV^. 7 0) OfSiSttf-fiS 4 tPrttlMftKM: , 01 K*tfc» 

[ 0 0 7 0 ] BSWifcf , *3W«EK3 10±fc{4, 3t SkHfcTft*. 

OAI=ftJ£^tT€^^±-ri.pSOlSl¥^S3 30 [007 3] (»6WldtOJKB) iJCfc, *j(WHOJB6 

2 0 (3ti»JRJi) «B*S*iTV**. 1*^*1 «!W<9»»fcovvC8WH-*. 01 5(4. COHJio 

32 0(4. Wl*ttB^£*l/0^. icoS&lfjf ®»(c^*^IH«^«ll**-«^LT*^«jSH 
ttl3 2 0JtfcH, *l?W1*^J:'Jiffiv^F«*» =2:43. 01 5(4, iO^iWtetTOWoaBft* 

*&wi-s»23ptB«^wpa^2¥awwi3 3o #a>d^i-<-m>*:#>, bJisotSsffimiss 

(«^5Mffl) aWftftSivtv^. *LT, S&2¥*Sft 0wBfflfi*^»»je«JtSK)Bf®«*t=*v^v^. 

@3 3 00«MSrSo4d^xh7-fr« MKBR) <r> 016 ( a ) (4. 01 SK^Lfc^MStl&feWffi 

3y^7M3 5 0434lX^H®g3 8 0*^$it-C 0T&D, 016 (b) (4, 01 6 (a) O^igttfttt: 

^6. -r^*)*>, r?y^^hS3 5 0(i, xVUTtf. RWSHWJ-A-A " te»-3T«-5fciNWk3e«HrtiOlBf 
WMIc»4r£*A/CV>$. ay^?M3 5 0ll 3? • DBHTft*. 016 (a) (i. ^O^^llt 
2^mS*JB330kPN«^S:^LTV^4. SS2¥»* 40 ffiOflBS&^ 1, ?^< DMft-&fc#>. 016 (b) (c 

a3 3 0«^ffi-CJ)oT, X\>?4? (US) ®.<T>nv9 7FiZtl&<%W94 0tf'£toZtlXm*tlX^Z. IW* 

;M350 <0»3(4m3 mm 3 4 0 ( vSti® ) g*#mi&BS(4. 0 1 4 fc^Ufe«BWffi8 0 a . 8 0 

jWBlSSnTV^. .I<9SI3¥gftJl3 4 0(4, t?2¥ bfc*«'J-K««80a " , 8 0 b * SffltLfc&O 

3S*13 3 OOftWHU O'hS&ttlW&SrWLTU "C3b-S . U - Httff 8 0 a * <D*i«#(4. HIim®8 

g2mi330«Cli, g2?M»MS 0afc«ffi£4i4fcAO^£«6fcLTiiD, U-H 

*t> u < iizii&Tto?m®miirtzm3^ymm mm o b - com^ma. m-ms o b (c^a^-^- 

Jg»¥#tt^3 6 0 (*-*>*;Hfrf ) *«£ivC^ £6fctf>0)ifiHF«:flMcl/O*. $if1tffi8 0 afc4tf 

*. *#*SS3 6 0(4, 3^^^M3 5 0t54^ffi ^ffiSlg8 0 b t^BS«i8 0 c tiilS$m'0M8 0 d 

t|W3 80i-e<OW»*rtfc:lt<JiE«»±fc:IftllS*i-C i:<0lBfcU-H«6WElS<iTV^OT, ClO'J-H 
V%|,. 50 mag80a "^yt:(480b ' HWtM4 OfrbtitilZtl 
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1 9 

(10. 2 0. 30. 40, 60. 70) OflMttttMS 

[0074] (m7<D$m<7)BB) mz. «MO»7 
<^»<0»JB(CO^-CKHB"t*. 017 (a) 14, ^<7) 
¥gft3tmHfiS?>¥E0T'J> 9 . 0 1 7 ( b ) 14. 0 1 
7(a) <0¥$flc3fclg|£ffi£iGI#B-B ■ l:»^T«-3 

fc^«*tti«wBiniiia-e*4. 01 7 u> 
(4. ^<7)^«t*miis^jt^^^ | 9^-r<^ts 

017(b) (C*3#l*iSftJB4 OtfWSflT- 

[0075] £ WWfcJWIWBi, m 1 5 fc4tf 0 1 
6 fc^$ftfc^{fc#W^<0¥#tt3 6 0 =J 

hB5 0a, 5 0 bC7)ffiatJ4^M^8 0 
a, 8Ob0>(4H£3Bfc3tffcfc«O-C*4. 82*** 

$6 0 ©SBtliitftfcay^ b)g50a~50d#' 

dOBBPrt-Cfco-C. SS2¥ig*B±Kt4. VS14«4 0 

?-fe/U5 0 a~5 0 d^Wfii.tZ^^&UJ-f Si fc# 

«a*i&&wrc2& * 1 1 ^ s . * & , mm 

(1 0. 20. 30, 40, 50a, 50b, 60, 7 

0 , 8 0a. 80b) affi&tmfe 4t^&«ft£l4. 

0 1 t H fC* •& . 

[0076] (m8Om&<0im) *|C, *»W0»8 
^WtfliCTlW^TJSW-i. 01 8 (a) J4. 
¥£ftfttlt®<9¥ffi0T'$> 0 . 0 1 8 ( b ) 14. 0 1 

8(a) co*m»xmmzmc-c • tc&o-cflo 
t^mmtm^mmx-hh. enseal 

{4. iO^«*fOB6ffi<0^*^O^t<K!!8-r« l 
018(b) fc*3*lSiSttJH4 OiWSflT 

[0077] z\<r>^mwmmL\t. 0 1 5*54^0 1 

y?;M50a, 5 0b<7)ttBt>4tm®m«i8 0 
a, 8 0bOfl«£3Sfc3tffcfcWT»4. «2¥*tt 
S3 0 rtteii. ¥*flc«6 0*«IS§*lTVv&. ^gfr 
SP6 0cO^fflt{4ttSfcny^^ M50a-50d*« 
JK6§*rOV&. ^mway^^hJ15 0a-5 0 

lB«fli8 0a~8 0dfc«tl«r4i*C:i:fc«toT, # 
e?-tr/P5 0 a- 5 0 dfr£|fc4fc1|K t &;Rai'*a <I k 

( 1 0. 20. 30. 40. 50a, 50b, 60, 7 
0 . 8 0 a . 8 0 b ) &&&&&& 4tPFi8Bjig£i4. 

0 1 izyf; ttzmm t m tx-h i . 
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[ 0 0 7 8 ] 0 1 5 ti 4tf0 1 6 fc^ Lfc¥3Mfc 
TO*, **qmWtetttfcfik:Alff4 - 1 K4 9m? 

& EpJtrT-g. i k tz£ 0 ¥g##mR£ffil*K~#«Sft*:m 

[007 9] - (SUt-F) 01 9 (a) (4, 01 5*5 
10 4 tfH 1 6 (cs L^«W3imSK:nS 9 0 *£ift L 
^^*3tm^^-I^I8rB0T-^£. EIHrtfefc^ 

-c. m@7 oi4. ¥g#««a oizmmitiza 

9. »f901, 9 0 2. 50 lii. *-S7?ffii 
Sl/O^S. «flE7 0fcry-K9 0i:«BIfcl4WBV 
i jfi^RSfl-CfeO, S«7O0>1MiJ:D<>7V-F9 

oowaiivi (^h) in,*. mm7ot$m%%8 

Oc, 8 0dt«:(4mjHV 2 3WBtt$fi-C*JD. « 
«&7 0O^{J4 0 t^ffl«ffi8 0 c . 8 0 dcom&Wf 

Hm«i8 0ct^ffi^|g8 0di:(i^§nTfcO. £ 

ft^otus 5 0c 5 o d ^i^m^mm^i ktll 

[OO8O]019 (b) (4. 019 (a) C0X-X ' 
h (Vi = 0~l*>h) . SlSl^tt^OKfth^ 

tfteftZixhZtizJ:*)^ z<r>Ml*mwm2omzti 

ijttzimmzj:^xm2^mwm3 0Hzii^6. m 

30 19(a) <r)~mm£ 9± (0ffiO±) OflUgJi. # 

^gp6 o t^2^*Ji3 o t com&rnz* 

[OO81]019 ( c) (4. 019 (a) CDY-Y ' 

h (Vi =0~l#;Uh) . 01 9 (b) fc4lX01 9 
( c ) ttZOk-t* o m 1 1 0 WlciJ^T564 

LJt*^ett. 3B2^3WW13 0rtfc:^StS*La. 
40 [0082] (Jfcaj^-K) 01 9 (d) (4, 01 9 
( a) <OX-X " £&^$a±W¥gtt#mi&7)X*^ 

^w^HHtfci (V 2 =2HRl0^h> . Zco 

4^(C m2^*e3 0l*ltW«$^mi 1 e{4, « 

ffimn 80ct«ffi7ot tfDrat: 2 -hr i o #iv v com 
£. 

[0083] 02OJ4. 01 6fc^Ufc**ft3(£«MS 

*»6«jS8tli««<OJHI^-XCAl(0|*i«fcl±, 3t 
50 9ifmft>&ffi£3*l & «H&8 ( [*lffl!J^-X ) CA2A* 
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2 1 2 2 

m->x^i. ftm-y-zc a i mum^t.. ws st£^t\ imhoo%t\ w&±.<nmmwfi 

l i T&%ztix . «n$ttc a 2 rttEs$n^¥« nisi *>£ita«att** ^{**mf^^Ms 

««7 0i:'J-H«S8 0ctOlBfcli«EaVi tf® [02] 02li. Ell 0¥#ttftmRifiSCT£*|#A- 

mznxui. ifc, afmsHCA2rtt:tt, awu: AtraoTfljofcRBiHT**. 

m-\z&mi2<m4 x-i;*zv*ri mkesju:^ [03] 0 1 <D¥mft%msmc t«&#a - Ata^ 

4. 2^7C-f^-v-by-9-IM(i, :w^-y'tyt ^B-B^tf^Srfe^ffitr^Uc^ffiH 
IMW*HH*4>A*3ilfc«^*y-Kt*RE4j&»6ro 10 (a) . |I]0 ( a) «*#A-ABIrW£;felt4^fl* 

Oaj-fUlTftS. 4 *-5*s>^ I Mli. AWLT€ «»BCT<ox*;Wf-Ay HH ( b ) HXimttB- 

=?-izBfcthm i M2 tm I m 2<0KiBKI!Ht4><xfeA* BBnB£&tt44^3i£tl*ffc Tw*M-Ay H 

•y?3y^ h I Ml tS-H^Tis 1 ?. A' 7 ^3y^? 0(c) T£>4. *fc. (b ) fcitf (c ) te, * 

MMl (£(i'J — h'RE 2&mglZtlXm. 'J- HR ^«s3KSHffiCT^^TX^EnJat^V^C0X^ 

H I M^fotejfcfrf*. $rfc» *fl!#»l*W>ffitti, * (a).HH(a) OfSS#A-A»ffi±fc:iJtt4¥&flc 

^Ei 0 fcffinJEEfrC&O* 10-Hor rmTWffi^l Jt«8iCT«i*/^-^y KE3 ( b ) Joitm^B 
T*«9T. 10-" torrfilT^TJiiaWI 20 -BBRB±tfcJf6*»«53ieS»ffiCT<OX*;^-A* 

* U>. 0M<o£»><b¥i£ftetm&g y h'H ( c ) T&4. fcfc. RB ( b ) fcitf ( c ) 

tMW4£i:a t 'C&4. *V-KCT5f:Ty- *JWf-AyKBIT*4. 

FIMk^Bfcitt, v-f ^o-f^y^TU-hS:ES [05] 05li, 04 ^U:^fe9*i&£$ 

■rii t/tt xw v)*?t<m.mz>t:}hcon=Fiztti-z>x'ryi'*>mx* 

[0084]I2Lt, f«BU:JS3te, XmHzttb^m t>h. 

fcftmmmtt. mmmtit&mz^m-t^zt^Tt ime] muz^Ltzm^mmmcT^^mmm 

i. mxtemftmjtmzmw *- ; jmz^ £mh*ixiz%md£M)tis&tz- mmLx^t» 

izmmtizt mutfchi. *mfo%n. 30 [07 ] 0 1 iz^i^mw^^mcT^wkumi 

ta&immitMni* ~mv+*v*)vyu-Y ^m^wm^cTcommmmm^xwmthrzib^ 

(mc p) *&a y-H**vH4zaaiT*iMW»t7 v isnnaa-e**. 

-Kfc*V-Ki:^>IB*£|Wt*;i:i;b , CfcJ:<, Si 1 [08] m^flteomft£$4^tt3fc18l^0fl!J0 

m.mm^u^yemmm^h^btixhx<. [09] ma^a^&tt4^totciftffiai&a 

[0085] 4. 

[^BJcO^a] W±<Offi9. *3SHfcJ:*Uf, ^2*^ [010] *2^^0»S^3W(c5ieiB^CT3* 

w-C, «^(iny^^MfcJ:l/^®m^i3P^^ [01 1 ] 01 0^Uc¥#Mf€P£&CT3<og!ji 

jfefft*. a^^MfciUf^aiWSSwBHPrtifett *a^»tffi$:fflv^TSiHW-|)^* , )WXS8lria0'C*J)^. 

WPSK<ttOSEftHLhfc:«*32N9***»»*SnT [012] *3OHafiO»JB<0¥»»*«H«CT4 «r 

^40T, m^iC^SS3¥8«*)iflfc39AS*x4. £ S*;fr|fQfc«ofc»ffflHrfeft. 

coj; a fcm^{±3>^^ hB*$JtT»'3^fw§5&»6 [013] %4<r)mm<mm<^mw%wm.<7>¥mm 

m£ t P<\faftznz><r>x'ay?7 hmx- zwwmL (a).HKa) fpomftA-A ' izm^x^tzm 

Ztihffl&tfm>~rh. Ucii^X. AWUfc^x^ BB0 ( b ) „ PI0 ( b ) *^H^B-B ' iz®~>X®-> 

^-iz^Lxmmx-fm^ixim^&tmai. z tzmmmx-hz. 
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[015] &6<D2m.<mm<o*m#itwm£-%®. 
i m 1 6 ] m 1 5 izjfi uz*mfc%mmmcw-mm 

(a) . 15112(a) 0M&A-A' iz&^xm^KWM 
0(b) T*>i>. 

[017] ^7cOHf£^©^^^mH®^^¥ffl 

0 (a) , R0 (a) <omB-B- izm^xm-ytim 

Wm (b) T*>S. 

0(a) , |B|H (a) W»»C-C *£8HT;«JofcR 
iB0 (b) T'fcS. 

[01.9 ] ¥#*3fc«imfc <fctf|S»Brffl0 ( a ) , 



10 
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P10 ( a ) ^H^-X-X ■ fc»ofcX*;Wf-y<yi« 
0 ( b ) . |5|0 ( a ) **>&#Y-Y * fcj&-,fcX*7U 
^f-M'y h'0 (ttHHW*) (c ) . HB ( a) 

(d) T*S. 

[02 o ] ^ifiomtwcT 5 hbsu:***^ 

10-*»tMStt. 2 0-*l*aWWi. 3 0-SS2* 
SSftJI, 4 0-»3*MIHM, 5 0-3>??hm. 6 
0-¥SftSL 7 0-*-$ v *«fc, 8 0-HE1 
ffi, 90- 



[01] 



[02] 
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[07] [010] 
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116] 



[017] 




50c' ,80c" 
50c" ,80d' 



/ 50a" ,80a' 
U/sOb'.SOd- 



GO 50a.80a 50b.B0b 




50c' ,80c 
50d' t 80cf 



50a' ,80a' 
50b' ,80b 4 



60 



50a,80a 50b 80b go 



40 50c 80c 50d 80d 40 50d' BOd' 



(b) 



GO" 



-30 



-20 



-10 



(b) 



40 60 



50c80c\50d80df50d' 



-80d' 
-30 

-20 
-10 
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50c\80c' 
50d' ,80d' 



50a' ,80a' 
50b' ,80b" 



60 /50a.80a50b.80b ^60 



40 



40 60 
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-30 
-20 

-10 
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